Spherical NiPt@C nanoalloys encapsulated in carbon shells are synthesized by means of high-pressure chemical vapour deposition. Upon variation of the synthesis parameters, both the alloy core composition and the particle size of the resulting spherical Ni x Pt 1-x @C nanocapsules can be controlled.
The promises of nanotechnology are driven by novel physical properties appearing upon reducing the dimensions of bulk materials. However, controlling and tailoring of nanomaterials with respect of size, composition, shape etc. becomes increasingly challenging on the nanoscale. This is in particular relevant for magnetic nanomaterials in which, at the border of evolving superparamagnetism, the magnetic properties and hence the feasibility for applications crucially depends on tiny changes of the shape, size, and composition of the materials. Such applications of magnetic nanomaterials concern, e.g., magnetic refrigeration [1] , data storage [2] , magnetic imaging [3] , labelling [4] , sensing [5] , and cell separation [6, 7] , targeted drug delivery [8] , and hyperthermia-based anti-cancer treatment [9, 10] .
Exploiting the promises of applied nanoscience hence demands production of uniform nanoparticles with controlled properties which is still one of the main challenges in this field. In addition, the use of nanoscaled functional materials, e.g., for electronic and biomedical applications, may require shielding of the materials by a protective coating. A promising way to provide a biocompatible and chemically stable shield appears to be the coating with carbon, thereby preventing the oxidation of the core material, promoting dispersity, and protecting the biological environment and the filling material from each other. [11, 12] Regarding magnetic functionality, transition metal nanoparticles are ideally suited.
Their synthesis routes have been considerably improved and have been extended to nanoalloys in the last few years by applying new organometallic precursors. [13] Alloy nanoparticles provide additional ways to optimize magnetic properties of nanomaterials for particular applications. [14] In the case of Pt-alloys, the alloys are cost-efficient and exhibit favourable catalytic behaviour as compared to pure Pt nanoparticles. [15] In addition, mixing of Pt with Ni, Co, or Fe as alloys yields higher magnetocrystalline anisotropy [16, 17] while the average ordered magnetic moment decreases with higher Pt content [18] . Here, we demonstrate how carbon-shielded NiPt nanoparticles (NiPt@C) can be progressively synthesized under composition-and size-control. Our results show that the sublimation temperatures of the Ni-and Pt-precursors are key to tune which is well understood in terms of homogeneous nucleation. The magnetic properties of the nanoalloys can be tuned accordingly so that, e.g., the superparamagnetic blocking temperature and the saturation magnetization can be tailored. Our straightforward approach of controlled synthesis hence opens a novel route to complex nanosized functional materials.
Result and Discussion

Sample synthesis
In previous studies, we have introduced the synthesis and the characterization of various magnetic nanoparticles such as Fe, Co, Ni, and NiRu using the high-pressure chemical vapour deposition technique (HPCVD) [19, 20] . In the work at hand, HPCVD has been applied for the synthesis of carbon coated NiPt nanoalloys. Here, nickelocene and (trimethyl) methylcyclopentadienyl platinum (IV) precursors is used as starting materials for the nanoalloying constituents Ni and Pt, respectively. The advantage of using these types of precursors is that they sublimate at rather low temperatures thereby allowing large variations of the sublimation temperature in the experiments. The metal-organic precursors (weight ratio Ni:Pt = 2:1) are in two crucibles each placed in a separately thermostated chamber where they are sublimated to the gas phase. Then, the vapour is transferred to the CVD reactor by means of flowing argon gas (1400 sccm). The temperature and the pressure inside the CVD reactor can be varied in the range of 200 -1000 °C and 5 -40 bar, respectively. In the vapour-phase synthesis of nanoparticles, a supersaturated vapour is produced where the particles are formed while their reevaporation is prevented. If the degree of supersaturation is sufficient, and the reaction / condensation kinetics permits, particles will nucleate homogeneously. In order to control the synthesis process, three main parameters have to be controlled. The first one is the temperature inside the CVD reactor which is adjusted and fixed at 900 °C, the optimum temperature for production of the spherical nanoparticles [19] . Secondly, the pressure inside the CVD reactor might play a crucial role. However, there was no effect on the size of NiRu@C nanoparticles [20] , therefore here the pressure is fixed at 13 bar, the optimum value of for producing spherical nanoparticles [19] . Such high argon gas pressure yields frequent collisions with the precursor gas thereby both cooling the atoms and decreasing their diffusion rate out of source region. If the diffusion rate is not reduced sufficiently, supersaturation is not achieved and only individual atoms or very small clusters of atoms are deposited on the collecting surface. The third main parameter is the sublimation temperature T S of the precursors. It mainly affects the particle size by controlling the amount of sublimated starting materials entering the CVD reactor but also to some extend influences the alloy composition and the amount of carbon in the material. We hence performed a series of experiments where the temperatures of the two sublimation chambers were fixed at different temperature in the regime T S Pt = 50 -95 °C and T S Ni = 95 -170 °C for the Pt and Ni chamber, respectively, while all other reaction conditions remained constant. To summarize, the HPCVD technique allows to achieve and modulate a high degree of supersaturation in the gas phase which we used to grow nanosized NiPt alloys shielded by amorphous carbon shells width. The latter enables estimating the mean particle core crystalline sizes according to the Scherrer equation [22] . The analysis of the peak widths yields mean particles diameters of 15 ± 7, 10 ± 5, 7 ± 4, and 3 ± 1 nm for the samples (Fig. 3 ) which corroborates well with the results from the size determination by TEM (Fig. 2) . The resulting core sizes of the materials obtained under different synthesis conditions are summarized in Fig. 4 (a) . There is a clear correspondence of the mean particle size on the sublimation temperature. We find that the particle size decreases linearly upon increasing This effect can be qualitatively explained by the fact that the temperatures of the sublimation chambers control the evaporated amount of the precursors entering the CVD reactor. Increasing the sublimation chamber temperatures hence increases the nucleation density and yields a higher degree of supersaturation in the reaction chamber and therefore homogeneous nucleation of smaller nanoparticles.
In addition to the size dependence, there are shifts of the peak positions in Fig. 3 . Since the lattice parameters in NiPt nanoparticles depend on the actual composition, these changes indicate variations of the alloy composition. Extracting the lattice constants for each sample from the XRD data and comparing them to literature data on Ni x Pt 1-x [23] enables determining the alloy composition (see Table   1 ). In addition, we have performed EDX studies, too, which confirm the compositions extracted from the lattice parameters. The results are displayed in Fig. 4b where a clear correspondence of the respective metal content in the material on the temperature in the Ni or Pt sublimation chambers is demonstrated. Quantitatively, we find again a linear dependence of the Ni and Pt content on the sublimation temperature of the Ni-or Pt-precursors, respectively, which again is associated with the fact that the temperature of the sublimation chambers directly controls the evaporated amount of the respective precursors entering the reactor zone.
Magnetic Properties
The magnetic properties of NiPt@C have been studied by means of static magnetization measurements. Our finding of finite M r and H C at room temperature allows conclusions on the magnetic cores. (1) None of the samples under study is fully superparamagnetic at 300 K which is in stark contrast to the finding of a critical Ni-concentration of about 40 % in bulk samples below which no ferromagnetism occurs. (2) In all samples at least some of the particles have blocking temperatures above 300 K. The appearance of ferromagnetism for the nano-sized materials with high Pt content >60 % at hand may be associated with size effects on the electronic band structure. Indeed, ferromagnetism has been recently observed experimentally in carbon-coated platinum nanoparticles [25] and in alkanethiol-coated Pt nanoparticles [26] . Such behaviour may be explained by a further increase of the Stoner factor which is already significantly enhanced and close to ferromagnetism in bulk Pt. In Ref. [26] , ferromagnetism in coated Pt nanoparticles is discussed in terms of both Stoner-like electronic band-magnetism and orbital ferromagnetism due to charge transfer the coating and Pt cores. This observation indicates a very large magnetic anisotropy which is expected if the large spin-orbit coupling in Pt is considered. The relevance of Pt for the observed large magnetic anisotropy is underlined by the fact that the critical field H C at room temperature monotonously decreases upon reducing the Pt content in the material down to 45 % (cf. Fig. 6a ) while the particle diameters seem to play a minor role.
Further insight into the magnetic properties can be deduced from the temperature dependence of the magnetization displayed in Fig. 7 . At 300 K, in all samples there is a difference between the zero-field cooled (ZFC) and the field cooled (FC) magnetization which excludes bare para-or superparamagnetism at room temperature. However, there are more features visible: (1) all curves show a kink in the ZFC magnetization curves at low temperature between 7 and 45 K (labelled by  in [27, 28, 29] . By assuming that the mean blocking temperature at the ZFC maxima is associated with the mean diameter as given above, the data hence yield magneto- 
